Recovery of phenolic content from waste is one of the main concerns for any possible applications. This study was done to investigate and explore the functional properties of cocoa waste (CW) from espresso cocoa production. The total phenolic content (TPC), total flavonoid content (TFC), 2,2-diphenyl-1-picrylhydrazyl scavenging assay (DPPH), metal (Fe 2+ ) chelating activity was determined. Parameters include water holding capacity (WHC), oil holding capacity (OHC), swelling capacity (SWC), proximate compositions, total dietary fiber (TDF), insoluble dietary fiber (IDF) and soluble dietary fiber (SDF) were also determined. As a reference spent coffee ground (SCG) was also studied under all parameters. Two solvents, ethanol and water were used to extract the bioactive compounds from CW. The ethanol-CW extract was found to contain significantly the highest (p < 0.05) TPC and TFC with 52.3 mg GAE/ml sample and 84.36 mg Quercetin/ml sample respectively. This was correlated to its high (p < 0.05) antioxidant activities in DPPH (IC 50 3.58 ± 0.07 mg/ml) and metal chelating activity (IC 50 2.32 ± 0.09 µg/ml). Positive correlations ranging from r 2 = 0.82 to 0.98 were established between the phytochemicals and antioxidant activities of all extracts. All samples displayed significantly (p < 0.05) high WHC and SWC, in relevance to their high (p < 0.05) TDF which were over 60% of 100 g dry matter. CW exhibited significantly high (p < 0.05) IDF/SDF ratio, in contrast to SCG with also high protein content of 13%. This study indicates that CW has a potential as a source of natural antioxidant and phytochemical in functional food development and intermediate food ingredient.
Introduction
A great interest in using natural plant-derived bioactive compounds in foods as "multi-functional food additives" has arisen, due to their additional nutritional and therapeutic effect [1] [2] [3] .One of the approaches is to obtain main and by-products from cocoa for its high polyphenol and high flavan-3-ol content [4] . Besides bioactive compounds, cocoa is also rich in other component of remarkable nutritional interest such as dietary fibre [5] . Water holding capacity (WHC), oil holding capacity (OHC) and swelling capacity (SWC) are among important functional characteristics of fibres that determine their suitability for further application, particularly as food additives and/or ingredients [6] .
At the same time, spent ground coffee (SCG) has been receiving growing attention in the quest for possible applications of this waste. In particular, some studies have highlighted the possibility of using SCG to remove heavy metal ions [7] [8] [9] from contaminated waters, increase Fe 2+ availability to plants in neutral to alkaline soils [10] . Based on total phenolic content, SCG may also be an exploitable resource for natural antioxidant production [10] .
Back in 2005/6, the only decent cafés serving espressobased beverages were always serving Italian brand coffee such as Illy, or Lavazza. Recently, independent cafés like Starbuck and others are mushrooming in major cities of Singapore, Kuala Lumpur, Penang, Jakarta, Bandung and Ho Chih Minh [11] . The consumption of coffee in these countries are mainly still the traditional styled local coffee made from roasting Robusta coffee with margarine and sugar, with the occasional addition of corn to make the end product cheaper. There is an alternative product of espresso that is not made from coffee, but from rooibos tea, which is a South African herbal tea and it is claimed to be caffeine-free [11] . Hence, there is an interest to further study on making espresso from cocoa due to its lower content of caffeine and high in antioxidant.
The recovery of phenolic content from the waste is one of the main concerns in order to fully explore the possible applications of cocoa waste. Martínez et al. [12] showed that the extraction made with ethanol exhibited higher total phenolic compound (TPC) and antioxidant activity (DPPH) values than the extraction made with a mixture of methanol and acetone. This is in agreement with Naczk and Shahidi [2] , who mentioned that the recovery of polyphenols from plant materials is influenced by the solubility of the phenolic compounds in the solvent used for the extraction process. Furthermore, the solvent polarity plays a key role in increasing phenolic solubility. Therefore, the aim of this study was to determine the chemical composition, bioactive compounds and functional properties of cocoa waste (CW) obtained from the production of espresso cocoa, in comparison to the established findings on SCG. This study also aimed to establish a correlation between bioactive compounds and the respective functional properties.
Materials and methods

Raw materials
The espresso cocoa (Theobroma cacao L.) was extracted from Malaysia cocoa nib which was supplied by Barry Callebaut Malaysia Sdn. Bhd, Kelang, Selangor. This study utilized the ground waste produced from the production of espresso cocoa. About 200 g of unroasted cocoa nib was first roasted at 130 °C for 45 min. After roasted, it was ground using Rancilio Rocky Grinder (USA) at grinding level 50. Then, 9.4 g of the cocoa nibs tampered at 30 lbs in a single portafilter. The brewed cocoa preparation condition uses fix pressure at 10 atm for 20 s of the brewing extraction process. The cocoa waste was collected after espresso brewing process. The brewing process was repeated twice. The Spent Ground Coffee (SCG) (Coffea Arabica; origin: Ecuador) was acquired from local coffee store at Seri Kembangan, Selangor. The cocoa waste and SCG were kept in hermetically closed polyproplene containers and stored at − 20 °C for subsequent analysis.
Sample extraction
The bioactive compounds of CW were extracted using solvent and aqueous extraction. Aqueous extracts were obtained by solid-liquid extraction, using deionized water at 100 °C. The ratio between coffee and water was 10/100 (g/ml). The extraction time was 10 min. The extracts were immediately cooled with cold running water and filtered through Whatman No. 1 filter paper [13] . Ethanol 95% (Systerm, Malaysia) and hydrochloric acid (Systerm, Malaysia) were used as extraction solvent. Ethanol extracts were prepared by placing 1 g of ground waste in a test tube (Duran, Malaysia), 40 ml ethanol/water (50:50) plus hydrochloric acid (HCl) were added to obtain a final pH 2.0. The tube was thoroughly shaken at room temperature for 1 h. The mixture was then centrifuged (Sartorius 3-18K, Germany) at 2500×g for 10 min and the supernatant was recovered.
Antioxidant analysis
The antioxidant capacity of CW and SCG been analysed using 4 different antioxidant methods which are total phenolic content, total flavonoid content, DPPH scavenging activity and metal-chelating activity (Fe 2+ ) [14] .
Total phenolic content
Folin-Ciocalteu's reagent (Merck, USA), Gallic acid standard (3,4,5-trihydroxybenzoic acid) (Sigma-Aldrich, USA), hydrochloric Acid (Systerm, Malaysia), Sodium carbonate/ Na 2 CO 3 95% (Systerm, Malaysia), ethanol 50% (Systerm, Malaysia), methanol (Systerm, Malaysia) were used. TPC was determined by the Folin-Ciocalteu method, according to the procedure described by Singleton et al. [15] . Briefly, 5 ml of 0.1 M HCl, 195 ml of Folin-Ciocalteu's reagent and 200 ml of extracts were poured into a graduated glass vial (Pyrex, USA), followed by the addition of 20% (w/v) Na 2 CO 3 solution to a final volume of 10 ml. The vial was vigorously hand-shaken and kept at room temperature in the dark for 1 h. Then, the absorbance at 525 nm was measured with a spectrophotometer (Genesys 20, Thermo Scientific, USA). The total phenolic content was expressed in gallic acid equivalents (mg of GAE/g sample) using a calibration curve of gallic acid.
Total flavonoid content
Aluminium chloride (Systerm, Malaysia), methanol 95% (Systerm, Malaysia), potassium acetate (Systerm, Malaysia) and Quercetin standard (Sigma-Aldrich, USA) were used. An aluminium chloride calorimetric method was used for flavanoids determination [16] . About 0.5 ml of each extract was mixed respectively with 95% methanol, 10% aluminium chloride, 1M potassium acetate and distilled water. After incubation at room temperature for 30 min, the absorbance was measured at 415 nm along with Quercetin standard and blank. The concentration was obtained by comparing with the calibration curve prepared from a reference solution containing Quercetin. The total flavonoid content was expressed in quercetin equivalents (mg of QE/g sample). The IC 50 value was determined from the plotted graph of scavenging activity against the concentration of cocoa extracts, which was defined as the total antioxidant necessary to decrease the initial DPPH radical concentration by 50%.
DPPH scavenging activity
Metal-chelating activity (Fe
2+ )
Iron(II) chloride (Systerm, Malaysia), Ferrozine (SigmaAldrich), EDTA (Merck, USA) and sodium acetate (Systerm, Malaysia), Ascorbic acid (Merck, USA) were used. The chelating activity of cocoa and coffee waste extracts for ferrous ions Fe 2+ was measured according to the method by Dinis et al. [18] . Briefly, 1.6 ml of deionized water and 0.05 ml of FeCl 2 (2 mM) were added to 0.5 ml of extract in deionized water at different concentrations (100, 200, 300, 400 and 500 µg/ml). After 30 s, 0.1 mL ferrozine (5 mM) was added. Ferrozine reacted with the divalent iron to form stable magenta complex species that was very soluble in water. After 10 min at room temperature, the absorbance of the Fe 2+ -Ferrozine complex was measured at λ = 562 nm. The chelating activity of the extract for Fe 2+ was calculated using the following equation:
where A 0 was the absorbance of the control (blank, without extract) and A 1 was the absorbance in the presence of the extract. Ascorbic acid was used as a standard with concentrations of IC 50 value was determined from the plotted graph of scavenging activity against the concentration of cocoa extracts, which was defined as the total antioxidant necessary to decrease the initial ferrous ion concentration by 50%.
absorbance of sample at 517 nm absorbance of control at 517 nm × 100
Functional properties
Water holding capacity (WHC) was analysed to determine the ability of the samples to retain the amount of water and avoid it from being released from protein structural together with the use of an external force (centrifuge or pressure) under certain condition [19] . According to Brijesh et al. [20] , Oil holding capacity (OHC) helps to stabilize high-fat products and emulsion. OHC measure the ratio of quality of oil held up to initial dry weight of sample with an application of external force [19] . Swelling capacity (SWC) is a method to determine the amount of liquid material that can be absorbed by the sample. Sodium phosphate (Systerm, Malaysia) and commercial olive oil (Sunshine, Malaysia) were used as a solvent. The WHC and OHC were determined according to Robertson et al. [21] with some modifications. The modifications were on adding 25 ml of buffer phosphate (1M, pH 6.3) or commercial olive oil to 250 mg of dry sample, stirred and left at room temperature for 1 h. After centrifugation, the residue was weighed. The WHC was expressed as g of water held per g of sample, while the OHC was expressed as g of oil held per g of sample. Swelling capacity (SWC) was determined according to Robertson et al. [21] . An accurately weighed dry sample (0.2 g) was added into 10 ml of phosphate buffer (Merck, USA) (1M, pH 6.3) and hydrated for 18 h. After 18 h, the final volume attained by fibre was measured.
Proximate analysis
Ash, moisture, protein, fat, carbohydrate and fibre content were determined to compare both samples [22] . Total dietary fibre (TDF) (g TDF/100 g d.m.) and insoluble dietary fibre (IDF) were determined following 991.43 AOAC methods [23] . Soluble dietary fibre (SDF) was calculated by subtracting the IDF proportion from the TDF. Carbohydrates are determined by difference from the total dietary fibre, lipids, protein and ash contents.
Statistical analysis
The experimental design was completely randomized. Each assay was performed in triplicate. Statistical analysis and comparisons among means were carried out using the statistical package Minitab 6.0. The data collected were analysed by one-way analysis of variance. The Tukey's post hoc test was applied for comparisons of means, and differences are considered significant at the level of p < 0.05. Linear regression for correlation analysis was performed using Microsoft Excel XP 2013.
Results and discussions
Antioxidant analysis
Total phenolic and total flavonoid content
The total phenolic content (TPC) of the CW and SCG extracts was shown in Table 1 . The content of phenolic compound was determined from regression equation of calibration curve (y = 0.1865x + 0.1253, R 2 = 0.9895) and expressed as gallic acid equivalent (GAE). In this study, two extraction mediums were used to prepare the extracts from both samples which are aqueous extract and ethanol extract. The ethanol extracts from both SCG and CW showed significantly highest (p < 0.05) phenolic content compared to aqueous extracts. The highest (p < 0.05) phenolic content was observed in ethanol espresso CW extracts (52.3 mg GAE/ml), followed by its aqueous counterpart. The lowest (p < 0.05) phenolic content was found in aqueous coffee extracts with 38.8 mg GAE/ml.
The total flavonoid content (TFC) of the CW and SCG extracts was shown in Table 1 . The content of flavonoid compound was determined from regression equation of calibration curve (y = 0.14x + 0.145, R 2 = 0.9866) and expressed as Quercetin Equivalent (QE). The highest (p < 0.05) flavonoid content was observed in both aqueous and ethanol extracts of espresso cocoa (88.46 and 84.36 mg QE/ml respectively), followed by ethanol coffee extracts (77.58 mg QE/ml). The lowest (p < 0.05) flavonoid content was found in aqueous coffee extracts with 66.41 mg QE/ml.
Both of the phenolic and flavonoid content were determined as they are the bioactive compounds responsible for the functional properties acclaimed. In this study, ethanol extracts of CW displayed the highest (p < 0.05) content by means of phenolics and flavonoids. This was followed by its aqueous counterpart and ethanol coffee extracts. Aqueous coffee extract recorded the least (p < 0.05) content of these bioactive compounds. Naczk and Shahidi [2] mentioned that the recovery of polyphenols from plant materials is influenced by the solubility of the phenolic compounds in the solvent used for the extraction process. Furthermore, solvent polarity will play a key role in increasing phenolic solubility. In this research, the results shown by both types of by-products supported that ethanol extracts are more viable in recovering the phenolic and flavonoid compound, as compared to water extractions.
The most abundant phenolic acid in the ethanol extracts of CW determined by HPLC was gallic acid, known as the most powerful monophenolic antioxidant, which is attributed to the presence of three hydroxyl groups in its structure [24] . These findings are promising such that cocoa by-product could be utilized as potent antioxidants and exhibit various physiological activities like anti-inflammatory, anti-microbial, anti-allergic, anti-carcinogenic and anti-hypertensive activities [25] .
On the other hand, SCG had relatively low total phenolic content (38.8 mg GAE/ml) as compared to values (41.5-50.0 mg GAE/ml) reported by Murthy [26] . These results can also be explained by the lack of selectivity of Folin-Ciocalteu reagent [27] , which reacts not only with phenols but also with other reducing compounds such as carotenoids, amino acids, sugars and vitamin C [27] . Coffee by-products are rich in polysaccharides, fats and other compounds that can interfere with the determination of phenolic compounds in this assay, making their estimation inaccurate and difficult to interpret [27] . In addition, it has been known that TPC and TFC vary depending on the cocoa and coffee bean variety, geographical origin, ripeness degree (harvest season) and post-harvest conditions, such as fermentation, drying, roasting, processing and storage [27] . Figure 1 showed the scavenging activity for all samples of DPPH radicals increased rapidly when the concentration of extracts increased from 0.62 to 9.92 mg/ml. Higher antioxidant activity means higher amount (concentration) of antioxidant scavenged the DPPH radical, causing the purple Table 2) . Table 2 shows the highest antioxidant activity (IC 50 ) was recorded by both ethanol (3.58 ± 0.07 mg/ml) and aqueous (4.03 ± 0.09 mg/ml) CW extracts compared to coffee waste with ethanol extracts 5.78 ± 0.14 mg/ml and aqueous extracts 6.42 mg/ml respectively (p < 0.05). Panusa et al. [28] indicated that total phenolic content was strongly correlated with the DPPH scavenging activity, suggesting that phenolic compounds are mainly responsible for the antioxidant activity of SCG (extracted using pure water and aqueous ethanol of 40:60 ratio). In addition, similar correlation was found in this study as described below (Table 4) . There are numerous studies in which the antioxidant activity of the cocoa has been determined using radical scavenging activity, trolox equivalent and EC 50 [29, 30] . However, only few studies relates with antioxidant activity of the cocoa by-products. The antioxidant activity of cocoa by-products could be attributed to the phytochemical compounds content especially, the ethanol soluble polyphenolic compounds such as monomers catechin and epicatechin, and the dimer procyanidin B 2 [4] . Hence, future studies should be conducted to combine these two types of extracts to further elevate the antioxidant effect of cocoa waste. Other factors that also influence the antioxidants activity are antioxidants concentration, extraction medium, temperature, pH of medium [31] , chemical structures and position in the molecule [1] .
DPPH antioxidant capacity
Metal chelating activity
The metal chelating assay was aimed to determine the binding affinity of CW towards metal ion. Figure 2 showed the increased in metal chelating activities when the concentration of extracts increased from 100 to 500 µg/ml. In comparison to standard ascorbic acid (2.48 µg/ml), both ethanol and aqueous CW extracts showed significantly (p < 0.05) higher metal chelating activities with 2.32 and 1.91 µg/ml respectively (Table 3) . On the other hand, both ethanol and aqueous coffee extracts are significantly (p < 0.05) lower in metal chelating capacity than that of standard, with 3.25 and 3.32 µg/ml respectively. These results were similar to DPPH scavenging activity as both ethanol and aqueous cocoa extracts were potent metal ion binder. These functional properties may be attributed to their bioactive phytochemicals, either soluble in ethanol and/or water.
It is very difficult to assess the antioxidant activity of a product on the basis of a single method. A single method will provide basic information about antioxidant properties, but a combination of methods will describe the antioxidant properties of the sample in more detail [6] . Antioxidant activity assessment may require a combination of different methods because there are substantial differences in sample preparation, extraction of antioxidants, the selection of endpoints and the way in which the results are expressed, even for the same method, so any comparison between the values reported by different laboratories may be quite difficult [6] . Usually, the antioxidant methods measure the ability of antioxidants, in a particular plant material, to scavenge specific radicals, by inhibiting lipid peroxidation or chelating metal ions [32] . In this study, two different methods have been used to evaluate the antioxidant capacity of the cocoa and coffee waste extracts: the DPPH free radical-scavenging assay and the metal chelating (Fe 2+ ) assay. One of the mechanisms of antioxidative action is chelation of transition metals, thus preventing catalysis of hydroperoxide decomposition and fentontype reactions [32] . In the presence of chelating agents, the complex formation is disrupted with the result that the red colour of the complex is decreased. Measurement of colour reduction, therefore, allows the estimation of the chelating activity of the coexisting chelator.
The results obtained for antioxidant activities were incoherent with the results in TPC and TFC. Both ethanol and water extracts of CW were significantly (p < 0.05) more potent in antioxidant capacity, in terms of both DPPH-scavenging and Fe 2+ -chelating activity (Tables 2, 3 ). The high radical scavenging and metal chelating abilities of CW of espresso led to a positive direction in applying such CW as a functional food additive (natural antioxidant), a heavy metal binder in removing contaminants and toxic wastes from processing and chemical industries. In addition, iron chelating enables CW to increase iron content in the soil to stimulate plant growth [26] .
Correlation analysis of antioxidant capacity
Regression analysis was performed in order to correlate the antioxidant properties and bioactive compounds, hence developing a concrete antioxidant profile of CW. Table 4 summarized the regression coefficients between bioactive compounds (phenol and flavonoid) in the extracts of interest and their respective antioxidant activities. It was evident that DPPH inhibition was due to the presence of polyphenols and flavonoid, with significant R 2 of 0.8224 and 0.8832 respectively. A strong correlation was also established between phenolic content and metal chelating activity (R 2 = 0.9756). However, the correlation between flavonoid content and metal chelating activity was relatively weak with R 2 = 0.5126. Recent studies have demonstrated that the individual antioxidant activity of phenolic compounds in model systems and the interaction between them that increases or decreases the antioxidant activity, that is, the synergistic or antagonistic effect of the same compounds [33] . It is well established that the DPPH radical scavenging assay determines free antioxidants in products, whereas the Folin-Ciocalteu assay reagent determines both free and bound phenolics in order to obtain the content of total phenols [15] . Therefore, the bound antioxidants in cocoa products may not contribute to radical scavenging activity in the DPPH assay.
Gazzani et al. [31] reported that no correlation was found between total phenolic content and antioxidant activity of different plant extracts, which suggests different phenolic compounds have different responses in the Folin method. In this study, strong correlations were established between TPC and DPPH scavenging activity, TPC and Fe 2+ chelating activity, as well as TFC and DPPH scavenging activity. This validated the findings that TPC and TFC found in CW extracts were responsible for most of their antioxidant capacities.
Functional properties
The results of WHC, OHC and SWC of CW and SCG extracts were presented in Table 5 . For WHC, the ethanol extracts of both CW (5.76 g water/g sample) and SCG extracts (5.53 g water/g sample) were significantly (p < 0.05) higher than their aqueous counterpart. However, there was no significant difference (p > 0.05) between the WHC of both ethanol extracts. Bonvehí and Benería [34] commented that the chemical composition of fibre in cocoa husk plays a role in its ability to hold water. Similarly, Table 6 also shows that the composition of TDF of both CW and SCG had no significant different. As regards OHC, all samples exhibited low oil holding capacity which ranged between 1.18 and 1.30 g oil/g sample, with no significant difference statistically (p > 0.05).
The SWC displayed similar trend as with WHC, in which the ethanol extracts of both CW (5.70 ml/g sample) and SCG extracts (5.87 ml/g sample) were significantly (p < 0.05) higher than their aqueous counterpart but there is no significant difference (p > 0.05) between the SWC of both ethanol extracts. The hydration properties of dietary fibre (DF) determine their optimal usage levels in foods as they provide desirable texture properties. These properties may be portrayed by measuring water absorption, water holding capacity and swelling [16] . According to the results obtained (Table 5) , all samples exhibited similar characteristics, which showed relatively high WHC and SWC. These two parameters are important as this material could be used as a technological tool for food product development [14] .
It is known that the structural characteristics and the chemical composition of fibre (including the water affinity [35] water may be held in capillary structures within the fibre because of its high surface tension; in addition, water is capable of interacting with various molecular components of fibre through hydrogen bonding or dipole formation. These hydration properties of DF are related to the chemical structure of the polysaccharide components, and other factors such as porosity, particle size, ionic form, pH, temperature, ionic strength, type of ions in solution and stresses upon fibre [36] . Thus, the use of specific fibre in food products is largely determined by their functionality, which depends on physicochemical properties, and by food processing. However, their impact on sensory characteristics of food needs to be taken into consideration [37] .
Proximate analysis
The chemical compositions of CW and SCG were shown in Table 6 . It is important to note that even though both samples contained almost similar (p > 0.05) TDF, the IDF of cocoa waste was much higher (p < 0.05) than that of SCG (36.66 and 20.09 g/100 g dry matter respectively), which made its SDF low (p < 0.05) (24.58 g/100 g dry matter). The opposite trend was observed in SCG, with significantly the highest (p < 0.05) SDF (40.42 g/100 g dry matter) than IDF (20.09 g/100 g dry matter). Total dietary fibre (TDF) content of the CW and SCG was very high, over 60% of the dry matter (61.24 and 60.51 g/100 g dry matter respectively). This implies that these products might be of interest for the food industry, considering its potential application as a functional ingredient in confectionery, bakery or in the preparation of low-fat, high-fibre dietetic products [14] . In this study, the SCG waste contained higher SDF than IDF, and the opposite was observed in CW. It is very important for a fibre source to show a good balance between IDF and SDF since, in general terms, SDF has a high hydration capacity and swells to form viscous solutions. It also absorbs and retains other substances like minerals, nonpolar molecules, and glucose, while IDF can also absorb and retain water within its fibrous matrix and adsorb other components such as SDF but without forming viscous solutions [38] . Technologically this results in the use of soluble fibre components (pectins, gums, carrageenans, alginates, etc.) as thickening and gelling agents, foam and emulsion stabilizers, film-forming and fat-mimetic agents, in flavour encapsulation, etc. Insoluble fibre contribute to stabilizing food systems, improving product density and minimizing shrinkage, as texturizing agents that contribute to mouthfeel, etc. Fibres are also used as anticaking and anti-sticking agents, and thanks to their hydration properties they help to retard staling, control moisture and ice crystal formation, reducing syneresis and increasing food stability [39] .
As for the constituent fractions in CW, Lecumberri et al. [14] found that SDF accounted for mainly pectic substances as shown by the high uronic acids content. Quantitatively, IDF was the main component of the cocoa waste of interest, accounting for over 60% of the TDF and 36% of the total dry weight. Close to one-third of this IDF fraction corresponded to non-starch polysaccharides, the remaining being Klason lignin (KL) [14] . With regards to SCG waste, Murthy [26] found that coffee fibres possess antioxidant properties. The synergy of antioxidant activity and the fibre complex in coffee by-products attribute beneficiary effects than just a fibre moiety [40] .
On the other hand, the by-products of instant cocoa and coffee espresso production are solid wastes with high organic content, which could be a good source of humus and organic carbon. However, the proximate analysis showed that both the CW and SCG are relatively low in organic content (40%) as they are both predominated by Total Dietary Fibres (60%). The coffee pulp has 12% protein content and its incorporation up to 20% in cattle diet, 5% in poultry feed, 3% in bird and 16% in pig feed has been recommended [20] . With regards to that, the proximate analysis conducted (Table 6) showed that both cocoa waste and spent coffee waste are good candidates to be incorporated into animal feed for their relatively high protein content (13-15%).
Conclusions
This study explored the possible applications of CW from espresso cocoa beverage as a mean of agricultural residue management. It was found that espresso CW extract was potent antioxidant (IC 50 3.58 mg/ml) and metal chelator (IC 50 2.32 µg/ml) which were strongly correlated to its high phytochemicals (TPC 52.3 mg GAE/ml and TFC 84.36 mg QE/ml). Being a natural antioxidant source, such cocoa waste could be developed as intermediate food ingredients in functional food development, such as nutraceuticals and preservatives in food formulations.
In addition, the CW was found to contain very high Total Dietary Fibre (over 60% dry matter), with a good ratio of between insoluble dietary fibre and soluble dietary fibre. Along with good hydration properties (high WHC 5.76 g water/g sample and SWC 5.70 ml/g sample), dietary fibre in agro-waste can also be regarded as an ingredient of great interest to be incorporated as these by-products would act technologically as important thickening agents, gelling and stabilizers of foams and emulsions, and film-forming and fat-mimetic agents. They may also have a potential use in encapsulation.
Both ethanol and aqueous extractions were effective to extract CW. Aqueous extraction would be practical to be applied in food industry due to the toxicity of ethanol.
However, ethanol extraction could still be used in other industry such as agricultural and biomass. This study serves just as a preliminary investigation. Future research needs to be conducted in depth to characterize and optimize each possible applications/functional parameters of cocoa waste from espresso cocoa beverage. In conclusion, bioactive antioxidant and dietary fibre are the most significant functional properties exhibited by espresso CW.
